Introduction
The relative importance of solar wind and ionospheric input to the magnetosphere's plasma has 2 been a subject of study and debate for decades. The cold plasma content of the magnetosphere is 3 often ignored due to difficulties in its measurement. If we neglect the distant magnetotail (>100 Re), 4 then cold plasma clearly dominates the total plasma content of the magnetosphere, with the 5 plasmasphere often containing an order of magnitude more plasma than the <100 Re magnetotail. As 6 demonstrated below, dusk-side plasmaspheric plumes generally contain 10-100 times more cold 7 plasma than hot plasma. In this paper we present THEMIS observations of cold plasma in the near- 8 equatorial dayside magnetosphere, illustrating the important role cold plasma plays in the dayside 9 magnetosphere including reconnection dynamics. 10 THEMIS is not the first satellite to measure cold plasma in the dayside magnetosphere. 11 Plasmaspheric plumes were sampled and characterized at low altitudes by the Dynamics Explorer 12 spacecraft [Craven et al., 1997] . The eruption and structure of plasmaspheric plumes at 13 geosynchronous orbit during active times has been observed using the MPA instruments on the 14 LANL Geosynchronous satellites [Su et al., 2001 ]. The participation of cold plasma in reconnection 15 at the magnetopause has also been inferred during times of high solar wind dynamics pressure when 16 the magnetopause was at or inside of geosynchronous orbit [Su et al., 2000] . The Cluster spacecraft 17 measured cold ions near the high latitude magnetopause (MP) when solar wind dynamic pressure 18 changes revealed the cold ions [Sauvaud et al., 2001 ]. In addition, the IMAGE spacecraft was able to 19 capture the formation and loss of plasmaspheric plumes [Goldstein et al., 2003 ]. The THEMIS 20 mission provides a much more extensive, detailed, high resolution data set of cold plasma 21 observations within plasmaspheric plumes and at the reconnecting MP. In particular these first results 22 demonstrate radial and small scale structure in plasmaspheric plumes, and reveal cold plasma capture 1 during reconnection at the MP during nominal solar wind conditions. 
THEMIS Mission and Instruments

3
THEMIS is a five satellite mission whose prime science objective is to measure the time sequences 4 of substorm dynamics. The first seven months of the mission consisted of a "coast phase" that kept 5 the satellites in close proximity in preparation for their final injections into the prime-mission orbit 6 configurations (Angelopoulos et al., 2008) . This close separation allowed cross-calibration of the 7 instruments and meso-scale studies of the dayside magnetosphere. In particular the spacecraft were 8 oriented in a string-of-pearls configuration whose orbit had apogee (perigee) of ~14.7 Re (~1.16 Re), 9 with the initial line-of-apsides near dusk. The spacecraft are identified by letters and were ordered B-10 D-C-E-A starting with the leading probe. In the vicinity of the MP, the inner three probes were 11 spaced by ~1000 km and the leading and trailing probes spaced by ~3000 km. This orbit and satellite 12 configuration provided near-radial separation of the spacecraft at the dayside MP. 13 The "coast phase" configuration provided one or two passes through the plasmaspheric plume each 14 day for several months, followed by pre-noon observations of cold plasma outside the plumes. Cold 15 plasma is difficult to detect and quantify so we use a combination of three different instruments on 16 THEMIS to make this measurement. An ion plasma sensor detects cold plasma when convection shows the magnetic field which dominates the total pressure throughout the interval inside the MP. 20 The ion spectrogram (panel b) shows tenuous hot plasma extending out to the MP, and occasionally 21 displays cold ions (<100 eV) between 2100 and 2225 UT. There is also a brief appearance of trapped 22 sheath plasma at ~2220 UT which appears to be a low entropy flux tube that has sunk into the inferred total density (green) using an algorithm based on spacecraft potential. Parameters in the 7 algorithm were adjusted for a good fit during periods when both cold and hot plasma were well 8 measured. Prior to 2220 UT, cold ions were only occasionally and incompletely measured due to very 9 weak flows (<30 km/s). Electrons were also poorly measured prior to 2220 due to a combination of 10 small spacecraft potentials (Φ sc~4 -5 V), an electron energy sweep cutoff at 7 eV, and the presence of 11 very cold (~1 eV), dense, ionospheric electrons. The best estimate of plasmaspheric plume structure 12 comes from the spacecraft-potential-inferred density (panel d, green). The inferred density allows 13 identification of a plasmapause at ~1840 UT, where the density drops from ~400 cm -3 to ~20 cm -3 , 14 and shows a plume that varied in density from ~20-80 cm -3 . As we demonstrate below, the outer 15 boundary of the plume (2226 UT) was a spatial feature that extended to ~10.7 Re before abruptly 16 ending leaving a ~0.6 Re gap in cold plasma just inside the MP.
17
To determine that the abrupt decrease in plume density at 2226 UT on THC was a radial spatial 18 boundary rather than an azimuthal boundary convecting across the spacecraft required the 19 examination of data from additional spacecraft. Probes THD and THE were in close proximity to 20 THC, exhibiting similar temporal profiles for density that provide little information to separate large plume, which appears to be confined inside a thin (~0.6 Re) layer with no cold plasma.
7
For completeness we mention that significant small scale spatial and temporal variations were also are often too small for complete ion measurements and the spacecraft potential is low enough so that 10 a significant fraction of the electrons are below the electron sensor's energy sweep cutoff. In this case 11 we attempted to compensate for the missed electron plasma by using an algorithm that filled in the 12 electron distribution below this cutoff assuming a constant phase space density below the lowest 13 measured step. Unfortunately the cold electron component is so cold that this method also 14 underestimates electron density. Instead we must again rely on the spacecraft potential inferred 15 density (green). This curve shows that the magnetospheric cold density is about the same as the 16 sheath density for this entire period. encounters as revealed in panel e where we plot ion velocity in boundary normal coordinates. These 22 plume ions should remain cold until they cross the current sheet where they would be accelerated to 1 the Alfven speed. 2 As a final note we point out that the dense (~10 cm -3 ) cold ions seen in Figure 3 were only 3 observed in the region adjacent to the MP. A short distance Earthward of these MP encounters, the 4 cold plasma density dropped to ~ 1 cm -3 , which was still much greater than the ~0.2 hot plasma 5 density. The fact that this high density plume was confined to thin layer at the MP is similar to the 6 observation in Figure 1 , where a thin layer without cold plasma was present at the MP. These 7 observations indicate azimuthal spreading of flux tubes, possibly due to interchange instabilities. 
Conclusion
9
In this paper we showed dense (>10 cm -3 ) plasmaspheric plumes extend out to the MP and 10 participate in reconnection processes. The large scale radial and temporal (or azimuthal) structure of 11 a these plumes was revealed by THEMIS multipoint measurements. These observations suggest that 12 future missions which intend to study the MP should include cold plasma sensors to better quantify 13 the role cold plasma plays in reconnection processes. observations are used to demonstrate that the drop in plume density near the magnetopause associated 7 with cool (~ 1 keV) electrons, is a spatial feature of the large scale plume structure. line, panel e) was estimated from electron spectra. Plot reveals both significant cold plasma (N~10 7 cm-3) and temporal variations in cold plasma at the magnetopause. 
